We study a supersymmetric model in which the Higgs mass, the muon anomalous magnetic moment and the dark matter are simultaneously explained with extra vectorlike generation multiplets. For the explanations, non-trivial flavor structures and a singlet field are required. In this paper, we study the flavor texture by using the Froggatt-Nielsen mechanism, and then find realistic flavor structures which reproduce the Cabbibo-Kobayashi-Maskawa matrix and fermion masses at low energy. Furthermore, we find that the fermion component of the singlet field becomes a good candidate of dark matter. In our model, flavor physics and dark matter are explained with moderate size couplings through renormalization group flows, and the presence of dark matter supports the existence of just three generations in low energy scales. We analyze the parameter region where the current thermal relic abundance of dark matter, the Higgs boson mass and the muon g − 2 can be explained simultaneously. *
Introduction
The discovery of the Higgs boson by ATLAS and CMS collaborations of the LHC gives big impact on particle physics [1] . At the experiment, the Higgs mass is confirmed to be m 2 h = 125.09 ± 0.21(stat.) ± 0.11(syst.) GeV [2] . By the discovery, the particles predicted by the Standard Model (SM) are experimentally confirmed. However, there still remains various problems to be solved beyond the SM. Among them, we focus on the muon anomalous magnetic moment (muon g − 2)
and dark matter (DM) in this paper. We reveal that flavor structures are important for the issues.
Experimentally, the muon g − 2 is reported with ∆a µ = (26.1 ± 8.0) × 10 −10 [3, 4] . For the explanation of this result, the extension of the SM is a possibility. In [5] , one of the present authors (M.N.) showed that the supersymmetric model with vector-like generations explains experimental results. In the analysis, the authors solved the renormalization group (RG) flow of the Yukawa matrices, and then found that a certain flavor structure of the quark and lepton sectors are required for the explanation of the muon g − 2 and the Higgs mass. Further, in the model, a singlet scalar field is required to give large masses to the vector-like generations enough to avoid electroweak precise measurements [6] . In this paper, we show that the Yukawa structure is determined by the Froggatt-Nielsen mechanism, and the single field is a good candidate of the DM.
By astrophysical observations such as the Galaxy rotation curves [7] , collisions of bullet clusters [8] , or Cosmic Microwave Background [9] , it is confirmed that the matter contents of the present Universe is mainly dominated by DM with the abundance Ω DM h 2 = 0.1198 ± 0.0015 [9] . The formation of large scale structures also requires DM since it is a significant source of gravitational potential. However, there does not exist a natural candidate of DM in the SM. Thus, the extension of particle contents is needed. In our model, the superpartner of the singlet scalar field, which is called singlino, is the lightest supersymmetric particle (LSP), and it could be DM in the presence of R-parity. We show that the thermal relic abundance of the singlino field explains the DM abundance.
Another issue relevant to this paper is the origin of the flavor structure in the quark and lepton sectors. As in the case of the Cabbibo-Kobayashi-Maskawa (CKM) matrix in the SM, our model [5] needs Yukawa structures for the mass matrices of the quark and lepton sectors extended with vector-like generations. Especially, there should exist an appropriate flavor structure for explaining experimental values of both the Higgs mass and the muon g − 2 through quantum corrections simultaneously. However, as in the SM, Yukawa couplings are just free parameters. We try to explain the structure by the Froggatt-Nielsen (FN) mechanism.
Froggatt and Nielsen explained the structure by assuming additional U (1) symmetry called flavor symmetry [10] . The mechanism is realized also in SUSY models [11] . In this work, we reproduce the flavor structure of the model [5] by the FN mechanism. Then we show a charge assignment to the chiral superfields for realizing a realistic Yukawa hierarchy, which explains the CKM matrix and fermion masses at low energy with the parameter 0.33. Here, is the breaking scale of FN U(1) symmetry normalized by the cutoff scale.
With an appropriate assignment of the FN charge, a SM singlet superfield Φ plays two important roles. One is to fix the mass scales of vector-like generations with the vacuum expectation value (VEV) of the scalar field Φ . Another is its fermion component becomes a candidate of DM with R-parity. In this sense, the presence of the DM supports the existence of three generations in low energy scales within our model. As seen later, we show a parameter space where one obtains the right amount of the Higgs boson mass, the muon g − 2, and the observed relic abundance of DM in our model.
The organization of this paper is as follows. In Section 2, we introduce our model with the flavor symmetric superpotential. We assign the U(1) charge to each field and give possible Yukawa structure in both quark and lepton sectors. Then the observed CKM matrix and fermion masses can be reproduced at the M Z scale. Here, M Z 91 GeV [12] is the Z boson mass. In Section 3,
we shall explain a candidate of DM in our model. Next, we give analytic equation for calculating the thermal relic abundance of the DM. In Section 4, we show the parameter region where the DM abundance, Higgs boson mass and the muon g − 2 within 2σ level are simultaneously explained.
The final section is devoted to the conclusion and discussion.
Model
In this section, we first give an explanation of the model proposed in [5] . Second, we extend the model by adding a U (1) flavor symmetry with the FN mechanism [10, 11] , and then show that a nontrivial flavor structure is obtained through the symmetry breaking with an appropriate charge assignment. Sizable couplings between the supersymmetric SM sector and vector-like generations significantly contribute to the Higgs boson mass and the muon g − 2.
The original model is a extension of minimal supersymmetric standard model (MSSM) by adding a pair of vector-like generations and a SM singlet field Φ [5] . We assume that the Kähler potential is canonical. As usual, the superfields of the MSSM sector are given by The quantum charges of these superfields are summarized in Table 2 The fields Φ is a SM gauge singlet field, and its vacuum expectation value gives mass scales of the vector-like generations. With these superfields, the Yukawa sector of the superpotential is written as [5] W = i,j=1,··· ,4
where y's are dimensionless couplings for each generation of quark and lepton sectors. 1 Each term of the interactions contributes to experimental results of the muon g − 2, the Higgs mass and DM abundance as explained below. The Yukawa couplings in the first line give the flavor structure in the SM sector on top of the fourth generation matter, and they largely contribute to the flavor physics, i.e., the muon g − 2 [5] . The second line shows the coupling of the fifth generations to the Higgs fields, and these interactions do not crucially contribute to the flavor structure in the SM sector but do to the muon g − 2 in our model. The third line shows the coupling of vector-like generations to the SM singlet field Φ. After the symmetry breaking of the scalar component of Φ, the vector-like generations obtain each mass from these terms. Further, owing to these terms, the lower experimental bounds on the mass of vector-like generations are avoided. In our model, the fermion component of Φ is a DM candidate whose mass is given by the last term yΦ 3 . We explain such structures by the FN mechanism.
The FN mechanism requires an additional SM singlet scalar field and it is supposed that the singlet field has interactions with quark and lepton sectors [10] . Then, the effective Yukawa couplings are determined through the interactions by the singlet VEV. The magnitude of the couplings are 1 The superpotential (2.9) evokes us that the potential has Z3 symmetry with respect to Φ, but we can not assign the discrete charge. Thus, there is not domain wall problem.
controlled by an assignment of the FN charge to the quark and lepton sectors. We apply this mechanism to our model by introducing a SM singlet superfield
Let us consider an example of the interaction based on FN charge with W = (Θ/Λ) n u 1 Q 1 H u , where n is an integer and Λ is a cut off scale. Here we take the scale to Λ 10 16 GeV. Under an assignment of the FN U (1) charge, the integer n is determined to satisfy nq(Θ) + q(u 1 ) + q(Q 1 ) + q(H u ) = 0, where q(Θ), q(Q 1 ), q(u 1 ), and q(H u ) are U (1) charges of respective fields. With this integer, the VEV such that Θ = 0 < Λ makes the effective Yukawa couplings as (y u ) 11 ∝ ( Θ /Λ) n . By this way, the Yukawa structures of the quarks and leptons are determined.
Using the FN mechanism, we extend the Yukawa interaction part (2.6). We assign the FN U (1) charge to the FN field Θ as
Together with the charge assignment exhibited in Table 2 .1, the Yukawa sector of the superpotential is written as 9) where magnitude of all Yukawa couplings is assumed to be of O(1). As explained, each power of Θ/Λ is determined from the charge assignment as
(2.10)
Then, by the superpotential (2.9), the effective Yukawa couplings are given by
(1, 2,
2 ) e 4 (1, 1, 1) Based on the string theory, however, such anomalies can be canceled by the gauged shift of string theoretic axions (or p-from potentials) [13] , and Fayet-lliopoulos term is naturally induced in U(1) FN D-term at one-loop level with ξ ∼ tr(q)M 2 * /(16π 2 ) [14, 15] . (See also [16] for a review.) Here M * is the string scale. In this paper, we assume that only Θ develops VEV [17] in the presence of U(1) FN D-term potential by D ∼ ξ − |Θ| 2 ∼ 0 and that U(1) FN anomalies are cancel-led by shifts of (multiple) axions which are coupled to the SM gauge fields in the viewpoint of generalized Green-Schwarz mechanism. 2 Then, the chiral superfield Θ will be eaten by the anomalous U(1) FN vector superfield in a supersymmetric manner. They become massive around the cutoff scale, and hence we will neglect them and U(1) FN D-term contribution to the SUSY breaking, and focus only on the VEV in the followings.
As explained above, the effective Yukawa couplings are determined by the charge assignment of FN U (1) and Θ . Especially, the charge assignment determines the flavor structure of our model. We explain the strategy to determine the assignment. First, we require the superpotential homomorphic for Θ at a perturbative level. To satisfy this requirement, the power of Θ/Λ needs to be positive. Under this constraint, we determine the FN charge, paying attention to two points:
mixing between second and fourth generations and masses of fourth and fifth generations. In our vector-like generations model, low energy flavor structure in the SM sector is finally determined by RG equations. By solving RG equations, the authors of [5] found that for the appropriate flavor structure of the SM, the mixing between the second and fourth generations needs to be large. Thus we have to determine the FN charge such that this large coupling is reproduced. Another point is about the couplings between fourth and fifth generations. From the experimental constraint at Large Hadron Collider (LHC), the masses of vector-like generations are required to be relatively large as m q 4 800 GeV and m l 4 100 GeV [12] . Thus the FN charge needs to be chosen to achieve these large masses.
Paying attention to those points, we have determined the assignment of the FN charge shown in [19, 20] . 16) and defined the fermion components ofQ,ū andd as Now we discuss about the observables of the CKM matrix and fermion masses in both quark and lepton sectors. In our model, the CKM matrix is extracted from 5 × 5 unitary matrix. Thus we need to check carefully that the unitarity of the CKM matrix is satisfied so that the CKM matrix elements other than ordinary 3 × 3 matrix are suppressed by the vector-like mass. The CKM matrix is defined by the part of the upper-left 3 × 3 matrix of the product of 5 × 5 unitary matrices:
where i, j are generation labels. These 5×5 unitary matrices diagonalize the up-type and down-type quark mass matrices:
With the structures of the mass matrices (2.13), (2.14) and (2.15), we solve the RG equations. The input parameters for the equation are summarized in Here let us discuss the case that the FN symmetry is global. 3 In this case, there exists a (pseudo)
NG boson associated with the spontaneous symmetry breaking of U (1) FN . We call it FN axion.
As in the case of the QCD-axion, this FN axion could be another DM candidate. Further, it has 3 In the case of global U (1)FN, we can realize the symmetry breaking by F-term of the superpotential such as
where S andΘ are singlet fields but q(Θ) = 1 [23] . interactions with the quarks and leptons, and through the anomaly effects it couples to gluons and electric-magnetic fields with an effective decay rates. The interactions give experimental and cosmological constraints on the VEV of FN field [23] . In the basis that the mass matrices of quarks and leptons are diagonalized, the Yukawa interactions are written by
where the coupling κ f ij is determined by the mass matrix of fermions and FN charge as
Here we have expanded the FN field around the VEV as
Thus, the interactions of the axion with quarks and leptons are given by
where we have redefined the coupling of axion as
Further, through the critical rotation as in the case of the QCD-axion, the axial interaction of the FN axion with gluons is given by
where we have defined the domain wall number N DW and the effective decay constant f a as
and
Now, the domain wall number for our FN charge assignment is calculated as N DW = 54. In our model, the effective decay constant is typically f a 10 14 GeV. Among them, the interactions of the FN axion to the up type and down type quarks give a sizable contribution to the decay of the charged kaon via K + → π + a. The decay rate for this process is evaluated by
The last term is of order unity as κ d
Thus, the branching ratio for this process is given by
With experimental bound Br(K + → π + a) 7.3 × 10 −11 [24] , we obtain a constraint
Through the interaction of the axion with quarks, the FN axion takes away the energy of the supernovae explosion. From the observation of the SM1987A by Kamiokande, this interaction is constrained in terms of the effective decay rate as f a 10 9 GeV. With our definition for the effective decay rate, this constraint is reduced to
Therefore, in the case that the FN U (1) symmetry is global, the VEV of the FN field needs to be v Θ 10 11 GeV. As in the case of the QCD-axion, energy density of the coherent oscillation of this FN axion could explain the DM abundance given by [25] Ω a Θ h 2 = 0.18θ
where θ i is the initial misalignment of the FN axion θ i ≡ a Θi /f a . When the FN symmetry breaks, there could occur the formation of domain walls. We can assume that the breaking takes place before inflation. In this case, the domain wall problem is avoided, while in this case iso-curvature problem occurs. If the energy scale of inflation, that is, the Hubble parameter is small, this isocurvature problem is avoided. The detail analysis and constraints on the parameters are studied in [23] .
Dark matter
In this section, we calculate the abundance of thermal relics of a DM candidate, which is the fermion component of the singlet Φ. The singlet superfield Φ is expanded as
where V is the VEV of the scalar component, χ Φ is the fermion component and θ is the fermionic coordinate on the superspace. In our model, the VEV of the singlet field V gives masses to vectorlike generations, and then experimental constraints on them at LHC are avoided.
First, we discuss the scale of the DM mass m χ Φ . In our model, the mass scale is determined by the VEV of V and coupling constant of the cubic term y (= Y ) as m χ Φ = yV . The RG running of y, whose RG equation is given in Eq. (D.32), is only governed by Yukawa couplings related to Φ and, it is insensitive to gauge sector. Thus, y is pushed down to O(10 −2 ) at low energy. With V of a few TeV, m χ Φ takes around 100 GeV. This mass scale is smaller than other neutralino masses: bino and Higgsino masses. As for bino, its mass was studied in the previous study [5] , and then it was revealed that the bino-like mass should be around 200 GeV to accord with the Higgs mass confirmed by the LHC. As for Higgsino-like neutralinos, those masses are determined from the electroweak symmetry breaking. In our model, we have assigned no FN charge to Higgs fields. Thus, in the superpotential, H u and H d have the so-called µ term as
where µ H is a constant of dimension unity. For the electroweak symmetry breaking, the mass parameter is required to µ H 2 TeV. Thus, the Higgsino-like neutralinos are heavier than the singlino. Therefore, χ Φ is the LSP in our model and could be a DM candidate because R-parity symmetry is imposed to our model. Let us comment on an operator ΦH u H d which can be written by gauge invariant in the superpotential. In this paper, we focus on Φ 3 term in the superpotential because we would like to discuss the minimal model of χ Φ , which does not couple to the Higgs sector. Such situation might be realized by imposing some symmetry.
In order to evaluate the DM abundance, we use the mass eigenstate basis for squarks, sleptons, quarks and charged leptons. For quark and lepton sectors, we diagonalize their mass matrices as 4
We denote the mass eigenvalues m U i , m D i and m E i for the mass eigenstates of up-type quark (U i ), down-type quark (D i ) and charged lepton (E i ), respectively. As for squarks and charged slepton sectors, we also diagonalize their mass matrices as
where
and M 2 e are up-type squark, down-type squark and charged slepton mass matrices defined in [5] . We denote the mass eigenvalues m 2
Uα
, m 2D 
where P L = (1 − γ 5 )/2, P R = (1 + γ 5 )/2 and coefficients are The thermal abundance of the singlino DM is determined by their pair annihilation into the SM particles as shown in Fig. 3 .1. This process ceases when the cosmic expansion rate drops bellow the annihilation rate:
where σ ann is the annihilation cross section, v rel is their relative velocity, n χ Φ is the number density of χ Φ and ... represents thermal averaged cross section. We defined T F as the freeze out temperature.
After the freeze out, the number density of singlino drops at the same rate of the entropy density by the cosmic expansion. Thus, from Eq.(3.13), we can estimate the ratio of the number density to the entropy density at T F as 5 :
where s is the entropy density, g * (T F ) is the effective degrees of freedom of the radiation at the freeze-out and M pl = 2.43 × 10 18 GeV is the Planck mass.
The diagrams to calculate annihilation cross section are shown in Fig. 3.1 , where f i is the SM fermion andf α is sfermion exchanged in the process. Since the singlino is the SM gauge singlet and does not couple to the Higgs boson, the bosons do not appear in the process. The SM fermions entering in the process are the ones whose masses are bellow the freeze-out temperature T F . In the calculation, one can expand
in the inverse of the power of x F ≡ m χ Φ /T F and approximates σ ann v rel by the coefficient a and b. We take x F = 20 for the numerical analysis; T F becomes around 5 GeV for m χ Φ = 100 GeV, and hence top quark contribution is neglected in the external lines. We calculate coefficient a and b for the case of Fig.   3 .1 referring to [26] . The explicit forms of a and b are given in Appendix A. With the values of x F , a and b, the analytic form of the DM relic abundance is given by 15) where h is the re-scaled Hubble constant, ρ c is the critical density of Universe, the ratio of critical density to the entropy density today is ρ c /s 1.8 × 10 −9 GeV and we take g * (T F ) = 100. In our model, the p-wave contribution is dominant to the thermal averaged cross section.
Higgs boson mass, muon g − 2 and DM abundance
In this section, we show the results of numerical calculation for Higgs boson mass, the muon g − 2 and the DM abundance. We have evaluated the Higgs boson mass and the muon g − 2 at one-loop level. In this analysis, we determine the µ H and b terms in order that the electroweak symmetry breaking is triggered at Fermi scale. For the Higgs boson mass, we use the effective potential method [27] as usual for the MSSM case [28] . The quantum corrections to the Higgs mass from vector-like generations are calculated in the literature [29, 30] . In our model, the lightest Higgs boson mass m 2 h is evaluated by
where m 2 htree = M 2 Z cos 2 (2β) and ∆m 2 h is one-loop corrections which are defined in Eq. (B.1). In the case of MSSM, the mass correction is mainly given by the stop field as ∆m 2
, but in our model the squark fields of the vector-like generation also give correction, and it is dominant. For the muon g − 2, in our model, the one-loop contributions to the muon g − 2 is given by The discrepancy of the muon g − 2 between the SM predictions and experimental value is above 3σ and quantified as [3, 4] 
In the analysis, we assume the minimal gravity mediation [33] as 
The amount of O(α s α t ) and O(α t α t )-contributions is typically estimated as
6 Let us comment on A0 = 0. In general, the Higgs boson mass, the muon g − 2 and the DM abundance depend on A0 parameter. However, since these values are determined by mass spectrum at low energy, the dependence for these values does not drastically change. Thus, it is sufficient that the analysis A0 is zero.
where G F is the fermi coupling constant, α s = g 2 3 /(4π), α t = (y u ) 2 33 /(4π), m t is the top mass and M S is the stop mass. In case of the vector-like generations, scalar components of the fourth, fifth generations and singlet field mediating in the loops additionally contribute to the two-loop corrections. In the assignment of the FN charge shown in the Table 2 .2, the superpotential of the Yukawa interaction is given by
give comparable amplitude. It turns out that the down-type Higgs interactions produce relatively small corrections to the Higgs mass in our numerical computations with a large tan β and µ H 2TeV. Some of these are similar to the sbottom contribution [38] , whereas the remainings are By these replacements, we can see that the number of new diagrams are five times larger than the MSSM ones. For a rough estimation, we set all squark masses to be the order of 1 TeV and the mass of the scalar component of Φ to be the same order of the mass of the sleptons. In our model, the slepton masses are a few hundred GeV. Since we calculate the Higgs mass at one-loop level,
we treat the two-loop correction as a theoretical uncertainty and show parameter space with this uncertainty for the Higgs mass as m h = 122 − 129 GeV. (The loop correction with extension to the vector-like generations is also studied in [44] .) For instance, in the case that these new diagrams produce the similar sign to the MSSM case (the minus sign for the gluino exchange diagrams and the plus sign for Yukawa interaction diagrams), the Higgs mass at one-loop level can be estimated as 127 GeV.
Let us comment on the lepton flavor violation processes. In the mass matrix Eq.(2.15), the muon has sizable couplings to the vector-like generations, which may induce flavor-changing rare processes.
Among them, we focus on the tau decay τ → µγ and the muon decay µ → eγ. Experimental bounds on the branching ratios are given by [45, 46] Br(τ → µγ) < 4.4 × 10 −8 (EXP), (4.10)
In a model with vector-like generations, the lepton flavor violating processes are studied in [47] [48] [49] .
We calculate the branching ratio Br(τ → µγ) and Br(µ → eγ), following [48, 49] . The decay amplitudes of l i → l j γ are generally written as
where indices of i, j(= 1, 2, 3) denote the generation, J α is an electromagnetic current for leptons and the corrected vertex Γ α is given by
With the these, the branching ratios are given by
14) and sneutrinos, and by neutralinos (neutral Wino and higgsinos) and charged sleptons. We take into account these lepton flavor violating processes as constraints on our model.
In Fig. 4 .1, we plot the contours of the Higgs boson mass, the muon g − 2, the DM abundance and the branching ratio of µ → eγ in m χ Φ − m 1/2 plane. We fix m 0 to be m 1/2 /20 because the small ratio of m 0 to m 1/2 is preferred to explain the muon g − 2 [5] . It is known that such mass spectra can be obtained in gaugino mediation scenarios [50] show typical mass spectrum, the Higgs boson mass, the muon g − 2, the DM abundance and the branching ratio of τ → µγ and µ → eγ in Table 4 .1. In Table 4 .1, M 3 is the gluino mass, mÑ Mixings of the vector-like generations with the three generations make a electric dipole moment 7 In the region where m 1/2 is below 1500 GeV, there is likely the region where the muon g − 2 anomaly is explained within 1σ, but the gluino mass in such regions is below 1 TeV which is excluded region by LHC [12] . is the lightest chargino, m t is the mass of fourth generations for up-type quark, m L is the mass of fourth generations for charged lepton. µ H (∼ 2 TeV) and b terms are determined so that the electroweak symmetry breaking occurs.
(EDM). We show typical values of the electron EDM d e and then discuss the constraints from experiments. The contributions are mainly from four sources: the chargino exchange, the neutralino exchange, the W boson exchange and the Z boson exchange. Each contribution is estimated as following [51] .
• chargino contribution where mν e is the mass of snutrino, mW is wino mass, and c LνeW and c RνeW are couplings of mixings defined in appendix. B.2.
• neutralino contribution Therefore, the CP phase of the couplings should satisfy
where θ represents each phase.
Conclusion and Discussion
In this paper we studied the flavor structure in a model with vector-like generations by using [54] or DARWIN [55] , our DM model will be tested. In the lepton sector, χ interacts with third generations by larger coupling y 2 10 −1 ( /0.33) 2 mediated by the vector like particle. Thus, through the annihilation of the DM particles in the Galactic Center or in the dwarf spheroidal galaxies, a significant excess of gamma rays might be produced.
The excess of the energetic gamma ray might be detected in indirect detection experiments such as
Fermi-LAT [56, 57] or CTA [58] .
In the present paper, we have studied the thermal production of the DM through the interactions with the quarks and leptons, respecting the original model [5] shown in (2.6), but from the arguments based on symmetries, there can be allowed other terms such as W ∝ Φ, Φ 2 or ΦH u H d . In this paper, we have just dropped these terms by hands following [5] , but the terms might affect the DM abundance. We will investigate the effects in the future work, but here briefly discuss the issues.
Among the interactions, the coupling of the singlet fields with the Higgs fields
might give a large contributions to the experimental results. This interaction makes the effective µ-term, and contributes to the cross section of the dark matter with nucleons. Thus, to reproduce the result of our analysis and avoid the bound from direct detection experiments, we need to appropriately choose the coupling constants λ, trilinear coupling Y and the VEV of the singlet field Φ = V , but on the other hands it affects muon g − 2 and Higgs mass corrections. Here we discuss these prospects. With the interaction, the DM components χ Φ could have a sizable interaction with nucleons through the t-channel process of the neutral Higgs boson, and it affects the scattering process of the dark matter and nucleons [59, 60] . Especially interactions with the strange-quark mainly contribute to the scattering, and its cross section is given in [60] by
where µ χ is the reduced mass, h s is Yukawa coupling of the strange quark, M Ha is the Higgs mass, S a3 and S a1 are diagonalization matrix elements for CP-even neutral Higgs boson (See [60] for the definition), and subscript a runs from 1 to 3. The subscript represents the mass eigenstates of the neutral Higgs with order of M H 1 < M H 2 < M H 3 . Here the lightest Higgs H 1 is identified as the detected one of 125 GeV mass [61] , and its contribution would be largest. To avoid current bound from the direct detection, we need to choose small value of Y , but to reproduce DM mass
GeV, V is required to be larger than 10 2 GeV. On the other hand, this singlet VEV also gives effective µ-term as µ eff = λV . From the prospect of the Landau pole, λ needs to be smaller than unity, and it requires V to be larger than 10 2 GeV to satisfy µ eff = 2TeV. Further, since the scattering of the DM with the SM quarks is mediated through the interaction(5.1), the smaller value of λ is also required to avoid the experimental bounds on the spin-independent cross section (5.2). This large value of V leads to the decoupling limit of vector-like generations (i.e., the MSSM-like limit), and then the contributions from the vector-like generations to the Higgs mass and the muon g −2 might be too small to explain the experimental values simultaneously. Moreover, the Higgs mass has to be evaluated by taking into account corrections from a coupling λ. As for the thermal production process, the DM becomes more likely to annihilates into the SM particles mediated by the Higgs fields due to the interaction with the Higgs fields. Thus, we can expect that larger DM mass is required to explain the observed abundance. On the other hand, the interaction might be forbidden by some symmetry such as the R-symmetry. However, at the same time, several terms of the Yukawa interactions (2.9) would be also inevitably absent by the assignment, and the absence would change the muon g − 2. We investigate these issues in the future work.
Within the FN charge assignment in Table 2 .2, flavor violating processes induced by the mixing between τ R ↔ µ R or d R ↔ s R could be allowed. In this case, the SUSY flavor problem is not avoided by the assignment without a high scale SUSY breaking or a flavor blind mediation mechanism, but there would be other choices such that the off-diagonal elements of squark mass matrix is suppressed and we avoid the problem. In our model, since the mSUGRA scenario is assumed, the Yukawa matrices of the SUSY breaking sector are diagonal. Thus, the SUSY flavor problem is avoided.
We have not taken into account the presence of right-handed neutrino, the relevant flavor textures, and collider physics in this paper. These are important to test our model. We will reveal these prospects in the future work. 
A Annihilation cross section
In this Appendix, we give the expressions of a and b in Eq. (3.15) which are needed to calculate the DM abundance. We calculate a and b in the following way. First, as in Fig. 3 .1, we consider the DM annihilation into the SM fermions, which is denoted by f i (except top quark) by exchanging sfermions, which is denoted byf α . Next, we evaluate square of the scattering amplitude, which is given by t-channel and u-channel process, as the annihilation cross section σ ann . Lastly, we derive the thermal averaged cross section σ ann v rel = a + b/x F followed by [26] . In the limit where the mass of final state in DM annihilation can be ignored, compared with the DM mass, the coefficients a and b are defined by
After straightforwardly calculations, a 0 and b 0 are given by
, the subscript i, j correspond to the generation of the SM particles whose the mass is below the freeze-out temperature and the subscript α, β corresponds to the generations of sfermions which is regarded as the mediator between the DM and the SM particles in our model.
The dependence of a and b on the DM and sfermion masses is roughly given by
where O means the coupling constants between the DM and sfermions and y is a Yukawa coupling between them.
B Analytic formulae for Higgs mass and muon g − 2
B.1 Higgs mass
The one-loop correction to the lightest neutral Higgs mass ∆m 2 h is given by [30]
where ∆V H is the one-loop corrections to the Higgs potential and is defined as 
where µ represents the renormalization scale which is set to be M SUSY in evaluating the Higgs mass.
B.2 Muon g-2
We show the SUSY contributions ∆a SUSY µ and non-SUSY contributions ∆a non−SUSY µ in Eq. (4.2).
First, we consider the SUSY contributions. In order to calculate the SUSY contributions, we use the mass eigenstate basis for gauginos, charged leptons, charged sleptons and neutral sleptons.
The analytic formula of SUSY contributions is the same as the previous paper [5] . Let us define the diagonalization matrix for neutralinos, charginos, sneutrinos, in order to evaluate the SUSY contributions ∆a SUSY µ of the muon g − 2.
In the basis of {B,W 0 ,H 0 d ,H 0 u }, the neutralino mass matrix M χ 0 is given by
In the basis of {W − ,H − d } and {W + ,H + u }, the chargino mass matrix M χ ± is given by
where the charged winoW ± are defined as
By using the neutralino mixing matrix N and the chargino mixing matrices J, K, the mass matrix in Eq. (B.4) and (B.5) are diagonalized by ). The diagonalization of neutral sleptons are defined by
where M 2 ν is the neutral slepton mass matrix defined in [5] . The SUSY contributions to the muon g − 2 are divided into three parts: neutralinos (χ 0 ), charginos (χ ± ) and singlino (χ Φ ). The singlino contribution is calculated by the replacement of 
, and m µ is the muon mass, the function F N 1,2 and F C 1,2 are defined by 17) and by using diagonalization matrices Eq. (y e ) ij (V e R ) iI (Uẽ) aj N x3 + yē(V e R ) 5I (Uẽ) a,10 N x4
Next, we show the non-SUSY contributions. The contributions from vector-like fermions to the muon g − 2 are investigated in detail in [32] and we derive ∆a non−SUSY µ in accordance with [32] .
We use the mass eigenstate basis for charged leptons, neutral leptons and CP-even neutral Higgs bosons. Let us define the diagonalization matrix for neutral leptons and CP-even Higgs boson in order to evaluate the non-SUSY contributions of the muon g − 2 (∆a non−SUSY µ ). Neutral lepton mass matrix M ν can be read in the superpotential (2.9) and is given by
where blank elements mean zero. The diagonalization of this matrix is defined by
where only m ν 5 is finite value and other masses (i = 1, · · · , 4) are zero. The CP-even neutral Higgs mass matrix M 2 h 0 is given by 26) where M A = 2b/ sin(2β) is the CP-odd neutral Higgs boson mass as in the MSSM. This diagonalization of this matrix is defined by where 
and by using mixing matrices Eq. (3.5), (B.25) and (B.27), the coefficients g
are defined by
where θ W is the Weinberg angle.
C Form factors for lepton flavor violation
Following [48, 49] , we summarize the form factors which are necessary to evaluate the branching ratio of lepton flavor violating processes as shown in (4.14) and (4.15). The form factors are divided into four parts: neutralinos, charginos, Z-boson and W-boson parts as
The neutralino contributions are given by
where the functions are defined by
and n L,R iax are given in Eq. (B.18) and (B.19). The chargino contributions are given by
where the functions are defined by The contributions from the Z-boson exchange are given by
and g
ZL,ZR xy
are given in Eq. (B.38) and (B.39).
The contributions from the W-boson exchange are given by 
D RG Equations
We present the RG equations of model parameters in our model. Due to the asymptotically non-free nature of the gauge sector, the two-loop RG equations are used for gauge coupling constants and gaugino masses.
D.1 Gauge couplings and gaugino masses
The 
D.2 Yukawa couplings and bilinear terms
The RG equations of Yukawa couplings and the bilinear terms are given by d(y u ) ij d(log µ) = (γ u y u ) ij + (y u γ Q ) ij + γ Hu (y u ) ij , (D.6)
d(y e ) ij d(log µ) = (γ e y e ) ij + (y e γ L ) ij + γ H d (y e ) ij , (D 
D.3 A and B terms
The RG equations of SUSY-breaking A and B terms are given by d(a u ) ij d(log µ) = (γ u a u ) ij + (a u γ Q ) ij + γ Hu (a u ) ij + 2(γ u y u ) ij + 2(y uγQ ) ij + 2γ Hu (y u ) ij , (D.33)
d(a e ) ij d(log µ) = (γ e a e ) ij + (a e γ L ) ij + γ H d (a e ) ij + 2(γ e y e ) ij + 2(y eγL ) ij + 2γ H d (y e ) ij , (D 
